Bcl-x(S) can form homodimers and heterodimers and its apoptotic activity requires localization of Bcl-x(S) to the mitochondria and its BH3 and loop domains.
Proteins of the Bcl-2 family regulate apoptosis, some antagonizing cell death and others, such as Bcl-x(S), promoting it. We previously showed that expression of Bcl-x(S) in PC12 cells is a useful system for studying the mechanism of Bcl-x(S)-induced apoptosis. To further investigate this apoptotic effect and its prevention by anti-apoptotic agents, we assessed the role of distinct Bcl-x(S) domains, via the study of their mutations, on the ability of Bcl-x(S) to induce apoptosis and to localize to the mitochondria, as well as the ability of these domains to counteract the effects of anti-apoptotic agents on Bcl-x(S). Deletion of the transmembrane domain (DeltaTM) prevented the localization of Bcl-x(S) DeltaTM to the mitochondria and the ability of this mutant to induce apoptosis. Deletion of the amino acids GD 94-95 from the BH3 domain, or deletion of the loop region, impaired the ability of these mutants to induce apoptosis but not their localization to the mitochondria. Deletion of the BH4 domain or destruction of the caspase cleavage site in the loop region (by replacing amino acid D61 with A61) did not affect either the localization of these mutants to the mitochondria or their ability to induce cell death. It thus appears that Bcl-x(S)-induced apoptosis in PC12 cells is mediated by localization of Bcl-x(S) to the mitochondria by a process that requires the transmembrane domain. Furthermore, once localized to the mitochondria Bcl-x(S) requires the BH3 domain, and to a lesser extent the loop domain, for its subsequent activity. The anti-apoptotic agents Bcl-2 and Bcl-x(L), the caspase inhibitor Z-VAD-FMK, and nerve growth factor (NGF) did not prevent Bcl-x(S) localization to the mitochondria, and did not require the BH4 or the loop domains of Bcl-x(S) for their survival effect. Bcl-x(S) is capable of forming homodimers with itself and heterodimers with Bcl-x(L) or Bcl-2. Accordingly co-expression of Bcl-x(S) DeltaTM with Bcl-x(S), Bcl-2, or Bcl-x(L) leads to a change in the subcellular distribution of Bcl-x(S) DeltaTM, from a diffuse distribution throughout the cell to a more defined distribution. Moreover co-immunoprecipitation experiments directly demonstrated that Bcl-x(S) can associate with GFP-Bcl-x(S), Bcl-x(L), or Bcl-2. These results suggest that such Bcl-x(S) interactions may be important for the mechanism of action of this protein.